Abstract-The pollution of natural waters with aromatic amines originating from wastewaters of many industries is of serious concern due to its negative impact on environment and living organisms. In this research work, Cu
I. INTRODUCTION
OLLUTION of natural waters with organic materials is of serious environmental concern because they have significant harmful effect on human health and environment [1] . A class of organic materials named as aromatic amines can be introduced into water bodies through many chemical, petrochemical and pharmaceutical industries [2] . Therefore, effective removal of aromatic amines from water is of significant importance.
Many methods such as coagulation [3] , reverse osmosis [4] , dialysis [5] , photo-catalytic degradation [6] , biological treatment [7] and adsorption [8] are used commonly for removal of aromatic amines from water. Among these methods, adsorption has attracted much interest due to its simplicity, easy operation and low cost. Various adsorbents have been developed for removal of aromatic amines from water. Activated carbon [9] , magnetic iron oxide nanoparticles [10] , surfaced modified and functionalized carbon nanotubes [11] , silica gel [12] and montmorillonite [13] are samples of adsorbents studied for removal of aromatic amines.
Chitosan based biosorbents are used widely for removal of many pollutants (such as heavy metal ions, dyes and pesticides) from water due to the presence of many amino and hydroxyl functional groups in its structure and its biodegradability [14] . Many studies have been performed to increase the adsorption capacity of the chitosan by preparing the nanocomposites with metal oxides nanoparticles [15] , clays [16] , carbon nanotube [17] , graphene oxide [18] and other nano-scaled inorganic materials.
The objective of the present study was to remove aromatic amines from water using a chitosan based adsorbent. It is also aimed to increase the adsorption capacity and selectivity of the chitosan toward aniline as a typical aromatic amine. For this purpose, Cu-chitosan/nano-alumina was prepared and employed for removal of aromatic amines from water. Structural, morphological and adsorption properties of the modified adsorbent were studied and compared with those of neat chitosan bead and chitosan/nano-alumina adsorbents.
II. EXPERIMENTAL

A. Materials
Medium molecular weight chitosan with deacetylation degree of 85-95% was purchased from Sigma-Aldrich Chemicals. γ-Al 2 O 3 with average particle size of 20-30 nm supplied by TECNAN Nanoproducts was employed as nanofiller.
B. Preparation of Adsorbents
In order to prepare chitosan/nano-alumina beads, γ-Al 2 O 3 nanoparticles were dried in an oven for 6 h at 100 °C. The dried nano-filler was mixed with oxalic acid solution for 5 h at room temperature. The acid-treated nano-filler was then filtered, washed with water and dried in an oven at 80 °C. About 10 g of medium molecular weight chitosan was slowly Removal of Aromatic Amines from Water by Cu
2+
-impregnated Chitosan/alumina Bionanocomposite mixed with 200 mL of 10 wt% oxalic acid solution to form a viscous mixture. The mixture, then, was diluted with 200 mL distilled water and heated to 50 °C to facilitate mixing. About 0.4 g of acid treated nano-alumina was added to the mixture and stirred for 24 h. Excess oxalic acid in the mixture was neutralized with NaOH solution to settle chitosan/nanoalumina beads. The chitosan/nano-alumina beads were filtered, washed with water completely and dried in an oven at 60 °C for 3 days. In order to prepare Cu-bonded chitosan/alumina nanocomposite, the chitosan/alumina beads were mixed with CuSO 4 solution for 2 h. The concentration of CuSO 4 and chitosan/alumina beads in the mixture was selected based on maximum adsorption capacity of the prepared adsorbent. In the optimum condition, the molar ratio of Cu 2+ to glucosamine groups of the adsorbent was 1.3. Then, the modified adsorbent was filtered, washed with water and dried.
C. Characterization of Adsorbents
Surface morphology of adsorbents was studied using scanning electron microscopy (SEM). A Vega Tescan SEM (Czech Republic) was employed to take micrographs of adsorbents. In order to obtain clear picture, the surfaces of adsorbents were gold sputter-coated before observation.
Fourier transform infrared (FTIR) spectra of adsorbents were recorded on Bruker Tensor 27 spectrometer (Germany).
D. Batch Adsorption Experiments
All batch adsorption studies were performed with aqueous solutions of Aniline with certain concentrations prepared by consecutive dilution of the stock solution. All solutions had the pH values in the range of pH=7-8. Equilibrium isotherm measurements were carried out by constant solution volume of 100 mL and adsorbent amount of 0.2 g, and varying amounts of Aniline concentrations at room temperature. Aniline solutions in the presence of adsorbents were allowed to attain equilibrium by stirring at 100 rpm in a water bath for 4 h. After equilibration, adsorbents were filtered from solutions and filtrates were analyzed.
The amount of As (III) adsorbed (mg) per unit mass of the adsorbent (g), q e , was obtained by using the following equation:
where C i and C e are initial and equilibrium concentrations in mg/L, m is the dry mass of adsorbent in gram and V is volume of solution in liters.
III. RESULTS AND DISCUSSION
A. Characterization of Adsorbents SEM images of chitosan, chitosan/nano-alumina and cuchitosan/nano-alumina beads are shown in Fig. 1 . More porous surface morphology was observed for Cuchitosan/nano-alumina and chitosan/nano-alumina adsorbents compared to neat chitosan. This implies that the incorporation of nano-alumina into chitosan matrix increases surface porosity of the resultant nanocomposite. To confirm the results observed by SEM imaging, the BET surface area of the adsorbents were determined to be 10, 35 and 29 m 2 /g, respectively. The surface area for cu-chitosan/nano-alumina was slightly lower than that of chitosan/nano-alumina. Impregnation of chitosan/nano-alumina adsorbent by Cu 2+ solution to prepare Cu-chitosan/nano-alumina with Cu(II)-bonded on the adsorbent surface may reduce the surface area.
Chemical properties of the adsorbent surfaces were evaluated by FTIR spectroscopy as presented in Fig. 2 . The characterization bands of the adsorbents are presented in Table I . The following results can be deduced from the table. One is that the presence of nano-alumina with low contents (maximum 4%) has no considerable effect on chitosan chemical properties because there is no significant difference between the spectrum of the neat chitosan and chitosan/nano-alumina adsorbents. Second is the formation of a copper complex with amine and hydroxyl groups on the chitosan surface for Cu-chitosan/nano-alumina adsorbent because the broad band between 3400-3200 cm -1 observed in the spectrum of chitosan and chitosan/nano-alumina is not present in the spectrum of Cu-chitosan/nano-alumina nanocomposite. 
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B. Adsorption Isotherms
Adsorption isotherms are commonly employed to describe the relationship between adsorption capacity of an adsorbent and equilibrium concentration of an adsorbate. The data obtained from isotherm studies provide important information about surface properties of an adsorbent and its affinity to an adsorbate. The adsorption data for three types of adsorbents toward aniline are shown in Fig. 3 . In the present study, the data of aniline adsorption on chitosan, chitosan/nano-alumina and Cu-chitosan/nanoalumina were fitted to Langmuir and Freundlich isotherm models. The following equation shows Langmuir isotherm:
where q e (mg/g) is the amount of aniline adsorbed per unit mass of adsorbent, C e (mg/L) is the equilibrium concentration of aniline, and q m (mg/g) and K L (L/mg) are the Langmuir constants. The parameter q m is the maximum adsorption capacity corresponding to monolayer coverage and K L is the Langmuir constant related to the free energy of adsorption. The values of the parameters for adsorbents were obtained by nonlinear fitting of adsorption data to the isotherm.
The Freundlich adsorption isotherm is expressed as follow:
where
] and n are the Freundlich constants indicating the relative adsorption capacity and the adsorption intensity, respectively. The adsorption data were fitted to the isotherm to obtain the Freundlich constants. The isotherm constants and fitting parameters for both models are presented in Table II . According to the data in Table 2 , both models successfully describe adsorption data. Considering fitting parameters, Freundlich equation is better fitted to the experimental data, especially for the modified adsorbent. The maximum adsorption capacity obtained from Langmuir model for three types of adsorbents is in the order Cu-chitosan/nano-alumina>chitosan/nano-alumina>chitosan. The incorporation of nano-alumina into chitosan bead increases the surface morphology of chitosan/nano-alumina and Cu-chitosan/nano-alumina considerably as indicated by SEM and BET studies. Furthermore, the presence of Cu(II) bonded on surface of the modified adsorbent provides more favorable condition for chemical adsorption through chelating of aniline. Accordingly, it can be said that Cu(II) can form a stable complex with aniline and it may be an explanation for higher that adsorption capacity of the modified adsorbents compared to the others.
C. Interfering Effect of Common Anions
The adsorption capacity of the modified adsorbent toward aniline was examined in the presence of natural waters common anions with the concentration 10 times higher than aniline. Initial concentration of aniline and adsorbent was 50 mg/L and 2g/L, respectively. Fig. 4 , the presence of chloride and nitrate had no considerable effect on the adsorption capacity. In the presence of sulfate and phosphate inions, the adsorption capacity of the adsorbent decreased somewhat. The interfering effect of phosphate ions was higher than that of sulfate ions. It may be as a result of possible complex formation between these anions and Cu(II) on the adsorbent surface. The interfering effect of phosphate was higher that sulfate because phosphate can form more strong complex with Cu(II)-bonded to the adsorbent surface. However, the modified adsorbent shows relatively a high selectivity toward aniline in the presence of interfering anions because of formation very strong complex between aniline and Cu(II) on the adsorbent surface.
